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One  reason  that  describing  a  microbial  community  is  important  for  ecological engineers  is  that the composition of a microbial community substantially  influences both microbial services in an ecosystem (Bell et al., 2005) and the function of macroorganisms and  the  ecosystem  overall  (McGrady‐Steed  et  al.,  1997;  Naeem  and  Li,  1997;  van  der Heijden  et  al.,  1998).    Specifically,  increased  biodiversity  in  microbial  communities  was shown  to  enhance  ecosystem  reliability,  productivity  and  predictability,  as  well  as  to influence the composition of macroorganisms (McGrady‐Steed et al., 1997; Naeem and Li, 1997; van der Heijden et al., 1998).  Effects of microbial community on ecosystem function appear  to  persist  over  time,  so  that  the  historical microbial  community  impacts  current ecosystem properties (McGrady‐Steed et al., 1997; Naeem and Li, 1997; van der Heijden et 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The first entropy number is Shannon’s classical information entropy, sometimes referred to as the Shannon‐Weiner index or the Shannon‐Weaver index: 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where pi is the proportion of the total number of individuals that belongs to species i.  This metric is maximized when all species have equal numbers of individuals.  The second entropy number corresponds to Simpson’s index, which gives the probability that two interacting individuals are of the same species: 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metabolism.  However, in the last twenty years, it has been shown that microorganisms are in  general  difficult  to  culture  and  that  many  of  them  have  been  misclassified  by  using morphology to characterize them (Woese, 1987; Ward et al., 1990; Ovreas, 2000; Floyd et al., 2005).   Traditional community analyses miss a substantial portion of microorganisms present  in a  sample.   This discrepancy was  both discovered and,  to an  increasing extent, resolved  by  modern  molecular  techniques  that  analyze  nucleic  acids  and  other  cellular molecules for phylogenic identification (Torsvik et al., 1990; Pace, 1997).   There  are  two  basic  approaches  to  molecular  analysis:  extraction  of  or  in  situ examination  of  characteristic  cellular  molecules.    Extracted  cellular  molecules  can  be sequenced,  probed  or  otherwise  analyzed  to  provide  information  about  cellular  identity.  Most  of  these  analyses  study  RNA  or  DNA  containing  both  highly  variable  and  highly conserved sequences related to taxonomy or functional capabilities.  In situ detection relies upon  labeling  characteristic  molecules  of  intact  cells  with  fluorescence,  dyes,  or radioactivity,  and  visualizing  these  labels  microscopically.    This  type  of  analysis  can preserve the spatial relationships within a community or environment, and can therefore be useful under certain circumstances (Amann et  al., 1990).  In  this  study,  I adapted both community  analysis  approaches  for  application  to  samples  collected  from  denitrifying biofilters. Using  extracted  DNA,  automated  ribosomal  intergenic  spacer  analysis  (ARISA) (Fisher  and  Triplett,  1999;  Manter  and  Vivanco,  2007)  and  terminal  restriction  length polymorphism (t‐RFLP (Liu et al., 1997)) was used to characterize the bacterial and fungal communities  in  the  biofilter.    For ARISA, DNA  from  the  16S‐23S  rRNA  intergenic  spacer region  (a  section of DNA  that  separates  sequences  coding  for  ribosomes)  is  copied many 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where h is a particular separation distance, and n(h) is the number of pairs having that separation distance.  Graphing these statistics against separation distance produces an analogue of the correlogram.  Cho and Tiedje (2000) used Mantel correlograms to study the spatial structure of groups of different strains of fluorescent Pseudomonas as described by genetic differences.  A similar procedure was used by Lilleskov et al. (2004) to show patterns of colonization of ectomycorrhizal fungi.   More intricate methods involving complex matrix manipulations have also been proposed to handle multivariate ecological datasets.  Wagner has developed several tools for multivariate plant community analysis.  As a basis, she proposes using a variogram matrix, a three‐dimensional matrix made up of elements of variance Cijh, where i and j are species and h is the distance class (Wagner 2003).  By summing elements of the matrix in various ways, the community variance can be partitioned into spatial components at three levels: individual species, community composition, and species richness.  At the community composition level, a composite variogram (the “variogram of complementarity”) can be formed as the summation of the normalized variograms of each species.  By using this methodology, PCA, CA, and CCA results can similarly be partitioned by distance.  These scores can be then graphed against separation distance to characterize spatial variation due to environmental gradients and that due to biotic autocorrelation (Wagner, 2004). 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Table 9. Partial Mantel tests for relationship between nitrate removal bacterial community, fungal community, and environment. Partial Mantel Coefficient Rx,yz (p value) against nitrate removal (mg/L) Group  Bacterial Community (Rb,fe)  Fungal Community (Rf,be)  Environment (Re,bf) All Biofilters  0.141    (0.001)** 0.0451 (0.150) 0.175 (0.001)** DE01  0.180    (0.002)* ‐0.518    (0.285) 0.608 (0.001)** FP03  0.0605 (0.344) 0.0443 (0.501) 0.336 (0.001)** FP07  ‐0.0663 (0.238) 0.142    (0.010)* 0.130 (0.005)* Where Rx,yz is the partial Mantel statistic for the correlation of factor and x, accounting for y and z, and b = bacterial populations, f = fungal populations, and e = environment.  Environment includes: inlet nitrate (mg/L), COD (mg/L), DO (mg/L), woodchip moisture content (%), port temperature (C), instantaneous flow (L/s), 14 d average flow (L/s), weekly precipitation (cm), and weekly average temperature (C). * denotes significance at the p=0.01 level ** denotes significance at the p=0.001 level   accounted for by variation in microbial community and this set of environmental parameters, suggesting that other factors may also influence nitrate removal at these sites. Because bacterial community was associated with nitrate removal among all sites, and bacterial and fungal communities at certain sites, Mantel tests between individual environmental parameters and bacterial, fungal, or combined populations were conducted among all sites and for each site (Table 10‐Table 13).  These tests were designed to elucidate distal controls on microbial populations at each site (as defined in Wallenstein et al., 2006b).  Among all sites (Table 10), these tests were performed as partial Mantel tests 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Table 10. Partial Mantel tests for relationship between selected environmental and performance variables and microbial community (all sites). Partial Mantel Coefficient Ra,b (p value) Factor  Bacterial Community (Rbac,bf)  Fungal Community (Rfun,bf)  All Community (Rall,bf)  Biofilter, (Rbf,all) Inlet nitrate (mg/L)  0.0549 (0.013)*  0.111    (0.001)**  0.113    (0.001)**  0.305    (0.001)** COD (mg/L)  ‐0.0119 (0.762)  0.0240 (0.526)  ‐0.0034 (0.929)  ‐0.0042 (0.845) DO (mg/L)  ‐0.0699 (0.102)  0.0176 (0.669)  ‐0.0362 (0.374)  0.142    (0.001)** pH  0.0151 (0.685)  0.0811 (0.029)*  0.0478 (0.196)  ‐0.0334 (0.147) Moisture content (%)  0.155    (0.001)**  0.112    (0.001)**  0.165    (0.001)**  ‐0.0202 (0.009)** Depth (m)  0.0524 (0.001)**  0.0642 (0.001)**  0.0682 (0.001)**  0.0035 (0.460) Port temperature (C)  0.187    (0.001)**  0.0614 (0.001)**  0.162    (0.001)**  ‐0.0359 (0.001)** Instantaneous flow (L/s)  ‐0.0377 (0.295)  ‐0.115    (0.001)**  ‐0.0944 (0.005)*  0.169    (0.001)** 14 d rolling avg flow  average (L/s)  0.0177 (0.618)  ‐0.101    (0.001)**  ‐0.0426 (0.173)  0.137    (0.001)** Weekly precipitation (cm)  0.0518 (0.008)*  0.0291 (0.084)*  0.0512 (0.006)*  ‐0.013    (0.054) Weekly average temp (C)  0.0369 (0.013)*  0.0505 (0.001)**  0.0491 (0.002)*  ‐0.0131 (0.024)* Where Ra,b is the partial Mantel statistic for the correlation of factor and a, accounting for b, and bac = bacterial populations, fun = fungal populations, all = all populations, bf = biofilter. * denotes significance at the p=0.05 level ** denotes significance at the p=0.001 level Table 11. Mantel tests for relationship between microbial community composition at the DE01 site and selected environmental and performance variables. Mantel Coefficient RM (p value) Factor  Bacterial Community  Fungal Community  All Community Inlet nitrate (mg/L)  0.139    (0.001)** 0.148    (0.002)* 0.175    (0.001)** COD (mg/L)  ‐0.0412 (0.631) ‐0.0682 (0.442) ‐0.069    (0.441) DO (mg/L)  ‐0.0105 (0.897) ‐0.0224 (0.805) ‐0.0172 (0.853) pH  0.131    (0.094)* 0.210    (0.024)* 0.177    (0.034) Moisture content (%)  0.141    (0.001)** 0.099    (0.002)* 0.134    (0.001)** Depth (m)  0.352    (0.001)** 0.187    (0.001)** 0.309    (0.001)** Port temperature (C)  0.130    (0.001)** 0.0774 (0.010)* 0.118    (0.001)** Instantaneous flow (L/s)  ‐0.019    (0.549) ‐0.0164 (0.620) ‐0.0263 (0.394) 14 d rolling avg flow  average (L/s)  0.0073 (0.804) 0.0236 (0.399) 0.0176 (0.544) Weekly precipitation (cm)  0.0886 (0.010)* ‐0.0065 (0.835) 0.0492 (0.131) Weekly average temp (C)  0.0825 (0.001)** 0.0867 (0.001)** 0.094    (0.001)** * denotes significance at the p=0.05 level ** denotes significance at the p=0.001 level 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Table 12. Mantel tests for relationship between microbial community composition at the FP03 site and selected environmental and performance variables. Mantel Coefficient (RM) Factor  Bacterial Community  Fungal Community  All Community 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